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Summary

This supplementary information to the manuscript entitled ‘Altered Gut and Adipose
Tissue Hormones in Overweight and Obese Individuals: Cause or Consequence?’
describes the effect of gastric bypass surgery on intestinal satiety hormones.

Effect of Gastric Bypass Surgery on Intestinal Satiety Hormones

Gastric bypass surgery results in significant and well- (but seldom completely-) sustained
weight loss in severely obese individuals.! It has been postulated that hormonal regulation of
appetite may be altered following surgery, particularly with bypass procedures, and that this

alteration may assist post-surgical weight control.>*

One of the most popular procedures at present is Roux-en-Y gastric bypass (RYGB) surgery,
a complex intervention that reduces the size of the stomach and circumvents the duodenum, to
deliver ingesta directly to the small intestine. There, its rapid delivery has various adverse
effects, such as rapid glucose and amino acid absorption, which may generate hyperinsulinism
and subsequent unpleasant or even dangerous hypoglycaemia, known as ‘dumping
syndrome’. Complicating matters, there are also profound osmotic effects with consequent
sympathetic nervous system and catecholamine stimulation.” It has been argued that
excessively rapid delivery of ingesta to the jejunum may promote increased postprandial

GLP-1 secretion, thereby contributing to increased satiety signalling and decreased food
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intake.* ® " However, the evidence for this is weak. In weight-reduced patients (mean BMI,
35.6 kg/m?) a mean of 43 months after RYGB surgery, greater postprandial concentrations of
GLP-1 and PYY were observed 30 minutes after a standard meal compared with severely
obese control subjects (mean BMI, 44.3 kg/m?).2 This study did not explicitly state whether or
not subjects were weight-stable when gut hormones were measured, and there were no
observations on subjects with non-surgical weight loss of the same degree. Any effects from
the physical consequences of surgery, with altered food presentation to gut mucosa, cannot be
differentiated from the metabolic consequences of marked negative energy balance. The
relationship between subjective appetite ratings and gut hormones was examined in 12 obese
patients before and 1 year after RYGB surgery by Bryant et al.® At follow-up, concentrations
of postprandial GLP-1 were greater, while self-reported hunger and the desire to eat decreased
and fullness increased. Fasting GLP-1 levels positively correlated with fullness and negatively
correlated with the desire to eat. This proposed mechanism therefore seems plausible;
however, estimation of appetite and satiety is imprecise, and it is not possible to be sure that it
has any gquantitative impact beyond those of severe energy restriction and weight loss in this

complicated human model.

The time course of changes in satiety hormones was examined in 12 severely obese subjects
(mean baseline BMI, 45.3 kg/m?) who consumed a 300-kcal liquid test meal pre-operatively
and at 3 days, 2 months, and 1 year after RYGB surgery.™ Postprandial GLP-1 concentrations
(Figure 1) and the 3-hour AUC (AUC.150 min) progressively increased over the 1-year period.
Plasma levels of ghrelin decreased on Day 3, but returned to pre-operative baseline levels
thereafter. No immediate changes in leptin concentrations occurred at Day 3, but levels were
significantly lower after 2 months and these levels were sustained at 1 year. Visual analogue

scale ratings of fullness significantly increased and hunger ratings significantly decreased as
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early as postoperative Day 3 and were sustained at 1 year.'® Data from another study
demonstrated that increased postprandial GLP-1 and PY'Y responses to a test meal
corresponded with sustained increases in subjective satiety ratings compared with pre-
operative baseline responses in patients’ status 1 to 2 years after RYGB surgery.™ Again, the

lack of a non-surgical weight loss group makes interpretation of these findings difficult.

Figure 1. Plasma levels of glucagon-like peptide-1 (GLP-1) after a test meal consumed prior to and
3 days, 2 months, and 1 year after Roux-en-Y gastric bypass surgery in 12 obese patients.*
Reproduced with permission.
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To elucidate mechanisms underlying altered hormonal signalling, Dirksen and colleagues
attempted to establish whether alterations in food transit through the gastrointestinal tract
modulated gut hormone release after RYGB surgery.'? Exaggerated postprandial secretion of
GLP-1 and PYY during multiple meal tests was reported in obese patients who had undergone
RYGB surgery at least 1 year prior to the study compared with lean control subjects. Gastric
pouch emptying was rapid and transit through the small intestine was slower in patients after
RYGB surgery compared with control subjects. Faster emptying of the gastric pouch in

patients with RYGB surgery appeared to be associated with increased gut hormone
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concentrations. The relationship between gut hormone changes and weight-loss response was
further assessed in obese patients who had undergone RYGB surgery at least 1 year earlier.*®
GLP-1 release and ghrelin suppression were significantly enhanced in patients who
experienced >60% loss of excess BMI compared with those who had <50% loss. The gut
hormone profile in patients with a greater weight loss response could suggest that alterations
in gut hormones may promote weight loss, or maintenance of weight loss, after RYGB
surgery. However, reverse causality remains possible: greater weight losses may have had
greater effects on gut hormones. Similarly, 6 years after patients underwent RYGB surgery or
laparoscopic adjustable gastric banding (LAGB) surgery, patients in the RYGB group
maintained greater loss of weight and fat mass, as well as enhanced postprandial responses of

GLP-1 and PYY, compared with patients in the LABG group.**

An alternative explanation might be that patients with greater weight losses engaged in post-
operative weight-control behaviours that had secondary effects which elevated gut satiety
hormones. For instance, in a randomized controlled trial of patients who had undergone
RYGB surgery 6 months previously, a comprehensive diet and exercise intervention resulted
in significantly greater levels of physical activity accompanied by greater weight loss 1 year
after RYGB surgery compared with patients who received only brief guidelines for healthy
eating and physical activity.'® This finding is in line with the evidence presented in the above

text discussing changes of gut hormones with exercise.

Another study demonstrated enhanced secretion of GLP-1 and PYY after RYGB surgery;
brain magnetic resonance imaging (MRI) suggested that the hedonic activation of brain
reward systems was decreased in patients who underwent RYGB surgery compared with

those who had undergone LAGB surgery.*® This suggests that greater weight loss after RYGB
4



Appetite Hormones in Obesity — Supplementary Information: Appendix 1

surgery may be mediated in part by anorexigenic peptides regulating brain reward centres;
however, the data were complicated by more frequent dumping syndrome and nausea in
patients who underwent RYGB surgery. Interpretation of such studies may also be

complicated by selection criteria, and different peri- and post-operative courses.

Many factors therefore contribute to weight loss and gut hormone profiles after bariatric
surgery; thus, causal relationships remain unclear. Overall, the results of most of the studies
outlined above are consistent in supporting a plausible mechanism such that the relationship
between GLP-1, PYY, ghrelin and appetite may contribute to a reduced tendency to overeat
after RYGB surgery. However, many other factors may mediate this apparent relationship,
including hyperinsulinism, dumping syndrome, subclinical osmotic effects and elevated bile
acid concentrations. Appetite hormones are probably not the dominant factor for improved
glucose tolerance after gastric surgery, and indeed the role of appetite hormones is put in
doubt by an important study of 140 patients by Schauer et al, who compared Roux-en-Y with
sleeve gastrectomy.'” They reported almost equal reductions in glycated haemoglobin, with
almost equal, substantial, weight losses. There was no added incretin effect from the Roux-en-
Y operation (Figure 2). The influence of other appetite-regulating hormones on sustained

weight loss following gastric bypass surgery requires further study.
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Figure 2. Change in glucose control and BMI after sleeve gastrectomy compared with Roux-en-Y
bypass.'” Reproduced with permission.
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